Experiments were carried out in young and mature rats to assess the effect of adrenalectomy and/or castration on cerebral ischemia due to carotid ligation, with particular reference to age and sexual maturity. The results indicate that gonadectomy after sexual maturity has no effect on the end result of brain ischemia, whereas resection of the gonads prior to sexual maturity results in a significant number of microscopic ischemic brain lesions. Adrenal resections in mature animals with or without removal of gonads is accompanied by a significant increase in mortality and morbidity, but the mortality is greater when adrenals are removed prior to sexual maturity, particularly when combined with gonadectomy. It appears that the impact of brain ischemia is significantly influenced by hormonal functions of the gonads and adrenals, presumably due to their effect on cerebral blood flow.
I SCHEMIC brain damage is the principal ill effect of occlusion of the internal or common carotid artery (hereinafter referred to as carotid). Slowly progressive arteriosclerotic lesions of the carotids are more common but less detrimentaP ,7 than sudden occlusions. 2,5,17,2'. Ligation of the carotid artery occasionally is required as a part of the treatment for several human pathological states, such as head and neck tumors, aneurysms, and hemorrhage. ~~ The rate of mortality and morbidity (physiological and/or anatomical damage to the central nervous system) due to sudden carotid artery occlusion depends upon various factors such as: anatomical variation, age, state of cardiovascular system, blood pressure, respiratory system, nutritional conditions, as well as many others like the state of the endocrine system. 4, 13, 20, 24, 27 Improvement of at least certain types of cerebral edema by steroid therapy has been known for some time. 9,18,-~3 Paradoxically, production of cerebral edema (pseudotumors) in long-standing steroid therapy, and other hormone-related disturbances, is also known?, TM Gordan, 12 working with rats and humans in a study of influence of the steroids on the metabolism of the brain, indicates that the amount of cerebral blood flow in human adults is 54 cc/100 gm of brain weight per min. This value, however, is 105 cc for children. 1~ He also states that resection of gonads will not influence this value in adults, unless it is done prior to sexual maturity.
The relationship of age to cerebral ischemia has been explored by many animal experiments as well. The physiological approach of Jilek 14 and morphological studies of Payan 22 both point to a much higher mortality and morbidity rate following carotid artery ligation among younger rats prior to sexual maturity. A high percentage of neurological disturbances and death is noted among children 5,6,~ following unilateral carotid occlusion. The hypersensitivity of the central nervous system of the "young" to ischemia probably is best explained on the basis of a physiological need for greater brain blood flow prior to sexual maturity, as described by Gordan. 1~ Adrenal glands are known to produce androgens and estrogens in man 1~ and rats, 15 particularly after resection of the gonads. If sexual maturity and gonads have anything to do with brain blood flow, this might explain why no significant change in brain blood flow was noted by Gordan following castration of sexually mature rats. 1~
From the facts and statements above, one can assume an intricate relationship between cerebral blood flow and stero'~d metabolism. The complexity of the problem is magnified when interaction of adrenals, gonads, pituitary, and hypothalamic nuclei are brought into the picture.
The present experiments were designed to study the effects of resection of adrenals and gonads before and after sexual maturity on cerebral ischemia in rats due to bilateral carotid artery ligation.
Materials and Methods
Sprague-Dawley (Holtzman Farms) male and female rats weighing 50 and 150 gm were divided into 14 groups ( Table 1) . The animals were kept in suspended metal cages in groups of four or five and had free access to Purina Laboratory Chow and tap water. Following adrenalectomy, the water was replaced by saline solution to the end of the experiments. The animal quarters and operating room were air-conditioned, and the temperature was kept around 70~ at all times. Ether was used for anesthesia. A single longitudinal mid-dorsal incision was made, followed by opening of the muscles on either side of the lumbar region for resection of the adrenals and ovaries. The muscles were sutured by catgut. A small transverse incision was made in the scrotum for orchidectomy and silk was used to close the wounds. A supra-sternal midline longitudinal incision was made for carotid ligations.
TABLE 1

Effects of resection of adrenals and/or gonads on brain ischemia before and after sexual maturity in rats*
Initial Treatment
Adrenals Gonads 
Hormonal effects on cerebral ischemia
The common carotids were dissected out and cut between two ligatures. The left carotid was ligated first and the right immediately thereafter. Metal clips were used to close the wounds. Animals that died during the operation or soon after, as well as those that died before carotid ligation, were excluded from all experiments and analyses. Following death or sacrifice, all animals were autopsied, and regenerated adrenals were sought. Animals found to have regenerated glands were also excluded from all experiments. The time interval between resection of glands and carotid artery ligation in adult (150 gm) animals was 2 to 3 weeks. In young (50 gm) rats, however, the interval was much longer, 6 to 8 weeks. This was to assure that the body weight had reached at least 150 gm before ligation. All animals were observed for a few hours after operation, and some were found convulsing. Except for a few animals who died 2 or 3 days after carotid artery ligation, early death occurred within the first 24 hours, as indicated in Table 1 . Survivors were sacrificed 5 days after carotid artery ligation. Brains were placed in Bouin's solution for 48 hours, cut in coronal slices, and processed in toto for paraffin embedding. The sections were stained by hematoxylin-eosin and Luxol Fast Blue for examination of general structures and myelin respectively. Suspected regenerated adrenal glands also were examined microscopically to confirm or rule out the presence of possible adrenal gland tissue.
Resulls
Mortality and Morbidity
Bilateral carotid artery ligation prior to sexual maturity in 50 gm rats (Group 8, Table 1 ) revealed a significantly higher mortality and morbidity rate than in animals of Group 7 which underwent bilateral carotid artery ligation after sexual maturity. The highest rate of mortality and morbidity was noted among the animals that underwent adrenalectomy with or without castration prior to sexual maturity and had bilateral carotid artery ligation after they grew to 160 gm of weight. The group with castration prior to sexual maturity revealed no significant mortality rate after carotid artery ligation (Group 5). However, a large number of these animals had microscopic ischemic brain lesions. This was not noted if the castration was performed after sexual maturity (Group 13). Adrenalectomy, on the other hand, with or without castration (Groups 9 and 11) entailed a moderate but significant degree of mortality and morbidity following carotid artery ligation after sexual maturity.
Histological Studies
The brains of the animals that died soon after operation (immediate death, Table 1 ) revealed massive edema. Among the survivors some of the ischemic brain lesions were large enough to be seen with the unaided eye. These were mostly animals of Group 8 ( Fig. 1) . Most of the lesions involved the cortex and/or corpus striatum. A smaller number of animals had involvement of the hippocampus, and in one occasion a cerebellar lesion was noted ( Table 2) . Bilateral lesions were also noticed, particularly in Group 5.
Statistical Analysis
In statistical analysis of the data (Table l , last column), the following results were obtained. Comparison of Groups 1, 3, and 8 with Groups 2, 4, and 7 disclosed a significant difference (p <.001 ). Groups 5, 9, and 11 compared with those of 6, 10, and 12 proved to be equally significant (p <.001 ). A significant interaction was also noted in that the difference between bilateral carotid artery ligation and sham was greater in those groups having adrenal resections (with or without castration) prior to sexual maturity compared with those who had the resection after sexual maturity (p <.01).
Discussion
It has been assumed'-'" that the greater sensitivity of the "young" to brain ischemia is due to the fact that the brain blood flow per gram per minute is almost twice as much in this age group. 12 If this larger blood flow is considered a "physiological necessity" for the metabolism of the brain of the young, it becomes clear why ischemia should have such grave results in the younger animals compared with those sexually mature. Gordan in his experiments"-' observed that castration of the animals did not change the brain blood flow unless this was done prior to sexual ma-H u s h a n g M . P a y a n turity. Our experiments confirm this, since the result of carotid artery ligation in castrated rats did not change except for the group in which castration was performed prior to sexual maturity. Among these animals a large number of microscopic ischemic brain lesions were noted. In Gordan's 12 experiments, adrenals were not resected. Since adrenals produce androgens and estrogens, .particularly after resection of the gonads, it is reasonable to assume that they might play a part in brain blood flow and therefore influence the end results of the carotid artery ligation. This assumption is supported by these experiments since a high mortality and morbidity are noted following carotid artery ligation among animals who had adrenalectomy, with or without castration. The grave results are even more evident among the rats who had the procedure of resection of the glands prior to sexual maturity. Therefore, one may assume that the change of the blood flow of the brain brought about during pubescence 12 is influenced not only by gonads but even more so by adrenals.
It is possible that the degree of stress in the animals with carotid ligation was greater than those who just had the sham procedure. Therefore, the severity of stress among various groups of animals could be considered unequal. This possibility has been partially eliminated by including several control groups (Table 1) .
Conclusions
A comparison of our experimental results with human pathological states is difficult since similar conditions are either nonexistent or extremely rare. The following points, however, indicate a definite relationship be-Hormonal effects on cerebral ischemia No doubt our present knowledge concerning the effects of steroids and brain blood flow is insufficient. Further investigation could shed light on this complex problem. Measurement of cerebral blood flow in patients with Cushing's or Addison's disease or those undergoing longstanding steroid therapy might contribute to a better understanding of this question in man.
